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(54) Electroplating process 



(57) A process for electroplating a surface compris- 
ing copper and an insulating material, comprising: 
applying specific carbon particles or a palladium com- 
pound to this surface, microetching the copper to 
remove the specific carbon particles or the palladium 
compound, and providing electroplating. The process is 
characterized by using an aqueous solution comprising 
5 to 60 wt% of sulfuric acid, 3 to 35 wt% of hydrogen 
peroxide, 0.01 to 10 wt% of a phosphonic group-con- 
taining amine or a salt thereof, and, optionally, 0.1 to 10 
wt% of an amine other than the phosphonic group-con- 
taining amine, as a microetching agent. This process 
can ensure highly reliable electroplating to inner walls of 
printing wiring board through-holes. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an electroplating process useful for electroplating a surface comprising copper or 
a copper alloy (hereinafter collectively referred to as copper) and an insulating material, and, more particularly, to an 
electroplating process useful for electroplating through-holes in printed-wiring boards. 

Description of the Background Art 

In printed-wiring boards such as double-sided boards and multilayer boards, through-holes are provided in the sub- 
strate. The inner walls of the through-holes are electroplated to connect the circuits provided on both sides of the sub- 
strate (the double-sided board) or the circuits in various layers of the substrates (the multilayer board). 

Because the circuits are separated from one other by insulating materials, the inner wall surface is made of alter- 
nate laminations of conductive materials and insulating materials. Therefore, the through-hole inner walls cannot be 
directly electroplated. Electroplating therefore is conventionally performed after electroless copper plating. However 
the electroless plating has the following drawbacks: (1) it requires a comparatively long period of tome, (2) a number of 
baths must continuously be monitored during the plating process (required components must be supplied to each bath 
and sufficient care must be taken so that the baths are not contaminated with components used in the preceding steps, 
because the baths are extremely sensitive to contamination), (3) a number of washing baths are needed and these 
baths consume a great quantity of water for washing, and (4) waste water disposal is expensive. 

As a method for electroplating without using the electroless plating which has these drawbacks, the inventors of the 
present invention have proposed a process for electroplating comprising forming a conductive graphite layer over the 
inner wall of the through-holes..removing the graphite layer produced only on the copper layer, and ********* 
through-hole inner surface (Japanese Patent Application Laid-Open No. 280089/1994. GB 2274853. DE 4402413). 

Japanese Patent Applications Laid-Open No. 504167/1993 and 330378/1994 disclose a process for electroplating 
after forming a conductive layer of palladium colloid or a palladium compound on the surface of insulating material. 

The process of Japanese Patent Applications Laid-Open No. 280089/1994 ensures formation of highly reliable plat- 
ing films by directly electroplating the through-hole inner walls without using electroless plating. However, depending on 
working conditions, the process entails production of voids where no metals are attached to the through-hole inner walls 
and leaves inner layer contaminants of graphite films on the inner copper surface of the multiple-layered substrate. 
Films electroplated on the voids or inner layer contaminants may be peeled off by heat shock. Similar problems are 
encountered also in the process using a noble metal disclosed by Japanese Patent Applications Laid-Open No. 
504167/1993 and 330378/1994. . 

The present inventors have undertaken extensive studies to increase the reliability of films obtained by the electro- 
plating process of Japanese Patent Applications Laid-Open No. 280089/1994 and have found a microetching agent 
which can be used, with very high efficiency for removing the above-mentioned graphite layer or palladium layer. This 
finding led to the completion of the present invention. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a process for electroplating a surface comprising cop- 
per or a copper alloy and an insulating material, comprising: 

(a) applying an aqueous dispersion containing graphite particles with an average particle diameter of 2 urn or less 
or carbon black particles with an average particle diameter of 1 urn or less, or both to said surface to be electro- 
plated thereby causing said graphite or carbon black particles to become attached to said surface. 

(b) removing said graphite or carbon black particles from the copper or copper alloy by etching a layer of copper or 
copper alloy using a microetching agent which is an aqueous solution comprising 5 to 60 wt% of sulfuric and. 3 to 
35 wt% of hydrogen peroxide, and 0.01 to 10 wt% of a phosphonic group-containing amine or a salt thereof, and 

(c) electroplating using a layer consisting of the copper or copper alloy with said graphite or carbon black particles 
having been removed and the remaining graphite or carbon black as a conductive layer. 

Another object of the present invention is to provide a process for electroplating a surface comprising copper or a 
copper alloy and an insulating material, comprising: 

(a) applying an aqueous solution or an aqueous dispersion containing a palladium compound to cause the palla- 
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dium compound to be attached to said surface. 

(b) removing the palladium compound from the copper or copper alloy by etching a layer of the copper or copper 
alloy using a microetching agent which is an aqueous solution comprising 5 to 60 wt% of sulfuric acid. 3 to 35 wt% 
of hydrogen peroxide, and 0.01 to 10 wt% of a phosphonic group-containing amine or a salt thereof, and 

(c) electroplating using a layer consisting of the copper or copper alloy with the said palladium compound having 
been removed and the remaining palladium compound as a conductive layer. 

In a preferred embodiment of the above processes, the said aqueous solution of the microetching agent further 
comprises 0.1 to 1 0 wt% of an amine other than the phosphonic group-containing amine. 

These and other objects, features, and advantages of the present invention will become more apparent from the 
following description of the preferred embodiments. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The microetching agent used in the present invention will be described in detail. 

This microetching agent contains 5 to 60 wr%, preferably 10 to 40 wt% of sulfuric acid. If the sulfuric acd content 
is less than 5 wt% the copper surface may be soiled when the hydrogen peroxide content is high. This may cause inad- 
equate electroplating. A sulfuric acid content of more than 60 wt% tends to produce a preciptatoof copper sulfate 
The hydrogen peroxide content in the microetching agent is 3 to 35 wt%, and preferably 5 to 25 wt%. If less than 3 

wt%. inner contaminants may remain; if more than 35 wt%, voids tend to be produced. 

A phosphonic group-containing amine or a salt thereof is added to the microetching agent to make it easy to control 
the rate of etching by suppressing the etching speed. Examples of the phosphonic groip-contaming amine include 
nitrilo-diacetic acid (methylenephosphonic acid), nitrilo-acetic acW-di(methvlenephosphon.c acd). n.tr.lo-ti.(methyl- 
enephosphonic acid). ethylenediamine-N.N--di(methylenephosphonic acid). ethylenediamine-N.N -diacetic aad- 
difmethylenephosphonic acid). ethylenediamine-tetra(methylenephosphonic acid). <^lohe^ne-1.2^«m.no- 
teUmethylenephosphonic acid), and N.N'-bis(2-hvdroxyben 2 yDethylenediamine-N.N'-bis (methylenephosphonic 
acid) Sodium salts and potassium salts are given as specific examples of the salts of the phosphomc group^contaming 
amines These phosphonic group-containing amines or the salts may be used either individually or in combination of 
two or more. The content of the phosphonic group-containing amines or the salts in the microetching agent is0:01 to 
10 wt%. and preferably 0.01 to 7 wt%. If less than 0.01 wt%. voids may be easily produced; if more than 10 wt%. une- 
venness in color or discoloration may be produced on the copper surface. 

Amines other than the phosphonic group-containing amines may also be added to the microetching agent to pre- 
vent re-oxidation of the surface after etching. Various amines used in conventional copper etching agents for the pur- 
pose of preventing re-oxidation, side etching, or decomposition of hydrogen peroxide may be used without any specific 
limitation Specific examples of such amines include monoethylamine. monobutylamine. dibutylamme. tributylamine. 
ethylhexylamine. cyclohexylamine, diphenylamine, monoethanolamine. diethanolamine. tnethanolarrune. ethylenedi- 
arnine. and alkylene oxide addition compounds to these amines (e.g. ethylene oxide addition compounds of cyclohex- 
ylamine. polyoxypropvlene ethylenediamine. N-(p-aminoethyl)-ethanolamine, N-(fJ-aminoethyl)propanolam.ne. and 
tetra(2-hydroxypropyl)ethylenediamine). . ,. a 

These am nes other than the phosphonic group-containing amines may be used erther individually or in combina- 
tion of two or more, in an amount of 0.1 to 10 wt%. and preferably 0.1 to 3 wt%. If less than 0.1 wt% ""evenness in 
color or discoloration may be produced on the copper surface; if more than 10 wt%. voids may be easily P«iuced. 

Other additives such as a stabilizer fa hydrogen peroxide, surfactant, defoaming agent, and organic solvents may 
be optionally incorporated into the composition of the present invention. 4 u Q „ PO «« 
Of the electroplating processes of the present invention using the abovfrdescnbed microetching agent, the process 
using an aqueous dispersion containing graphite particles with an average particle diameter of 2 prr .or less and/o. ^car- 
bon black particles with an average particle diameter of 1 urn or less (the graphrte parties r*<^ n ^."^Jf 
are hereinafter collectively referred to as "specific carbon particles") for producing a conductive layer wiH be illust ated 
In this electroplating process, the surface to be electroplated, i.e. the surface compnsing copper and an 'plating 
material, is caused to come in contact with an aqueous dispersion containing the specific carbon particles, to attach the 
specif ic carbon particles to the entire surface (step (a)). u^«,,^ 
A typical example of the material having such a surface comprising copper and an insulating matenal which e used 
in the present invention is a substrate for a printed wiring board. Paper-based phenol resin copper laminated toarc^ 
alass-based epoxy resin copper laminated boards, composite copper laminated boards, poly.rn.de copper laminated 
i^T^^nt^ngZin copper laminated boards, and copper laminated boards for flexible crcuits are g.ven 
as examples of the substrate for printed wiring boards. 

The graphite particles in the specrfic carbon particles are superfine particles with an average d,ameter of 2 urn or 
less preferably 1 urn or less, and more preferably 0.7 urn or less. If the average diameter is greater than 2 urn. not only 
She conductivity lowered, but also the attachability of a conductive metal to be electroplated to the nonconduct.ve sur- 
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face is poor As the carbon black particles, superfine particles with an average diameter of 1 um or less, preferably 0.5 
u m or less and more preferably 0.3 um or less, are used. If the average diameter is greater than 1 urn. voids may 
increase resulting in a decrease in the reliability of the electroplating. Any specific carbon particles having a particle 
size not exceeding these upper-side limits can be used, with no specific limitations to the lower-side limits. The graphite 
particles and the carbon black particles can be used either independently or in combination. 

The amount of the specific carbon particles in the aqueous dispersion is preferably 1 to 6%. If less than 1%. the 
density of the graphite particles a the carbon black particles in the formed layer is too small for this layer to be suffi- 
ciently conductive; if greater than 6%. the attachability of a conductive metal to be electroplated to the nonconductve 

surface is poor. . 

Various components other than the specific carbon particles may be optionally incorporated in the aqueous disper- 
sion of these particles. Such components include binders for increasing the attachability of the specific carbon partcles 
to the nonconductive surfaces, surfactants for promoting the attachability of the specific carbon particles and stability of 
the dispersion, water-soluble polymers for increasing the stability of the dispersion, and the like. 

Either organic or inorganic binders can be used as the binder, with the inorganic binders, such as sodium silicate 
and potassium silicate, being more preferred. The amount of binder contained in the aqueous dispersion is usually in 
the range of 0 05 to 5%. tt the amount of binder is too large, the conductivity and f ilm-forming capability are decreased. 

As the surfactants, anionic surfactants, such as carboxylic acid-type surfactants, polycarboxylic acid-type sur- 
factants, naphthalene sulfonic acid-type surfactants and neutral phosphate-type surfactants, can be used. Nonionic sur- 
factants and cationic surfactants may also be used depending on the conditions of dispersion. The water-soluble 
polymers which can be added to the aqueous dispersion include, for example, carboxymethyl ceHutose. starch and 
gum arabic. Furthermore, the aqueous dispersion of the specific carbon particles is preferably adjusted to about pH 9- 
13 with the addition of aqueous ammonia, sodium hydroxide, potassium hydroxide, or the like, preferably ammonia. 

The aqueous dispersion of graphite particles can be prepared by the wet process comprising pulverizat.oad.sper- 
sion. and classification. This method is preferable for improving dispersion stability and narrowing the size d.str.bution 

°' oSSto the aqueous dispersion of specific carbon particles to the surface of the treated material, any pro- 
cedure such as spraying, dipping, or coating can be employed with no specific limitations. 

Next, among the specific carbon particles attached to the surface, those on the copper surface are selectively 
removed by etching the copper surface using the above-mentioned microetching agent (step (b)). Among the specie 
carbon particles attached to the surface, i.e. the copper surface and the surface of the insulating matenal, those on the 
copper surface decrease the attachaWility of the metal to be electroplated to the copper. In addition, because the spe- 
ciffccarbon particles have a lower conductivity than the copper, the specific carbon particles act as an electric resist- 
ance For these reasons, these specific carbon particles on the copper must be removed. In this removal operation, the 
microetching agent does not directly act on the specific carbon particles, but removes the specific carbon .partcles i by 
etching the copper surface present underneath these specific carbon particles. Accordingly, the specific carbon part- 
cles attached to the surface of the insulating material remain without being removed by this treatment. 

A dipping method, a jet method, and a spray method are given as the treating method using the m.croetch.ng agent, 
but the present invention is not limited to these. Among these treating methods, the jet method is particularly preferred 
The thickness of the copper surface removed by etching is preferably 1.0 um or less, and more preferably 07 ^ or 
less, and particularly preferably 0.5 um or less. In the case of over-etching of copper wherein the etchin th ctae* is 
greater than 1.0 um the conductivity between the copper and the specific carbon partcles on the surface of the insu- 
fating material isTost. leading to production of voids. Thus, in general, the smaller the etching thidkness. the better^ 
resurt In the case where a conventional microetching agent is used, however, a thin etchmg cannot sufficiently remove 
the specific carbon particles attached to the copper surface, so that the above-described eff ^J*™*^**™^ 
The use of the microetching agent of the present invention can ensure wnplete rental d the spec^ 
even with a very slight etching of the copper and. hence, ensures highly reliable electroplating without voids and .nner 

^tl e^amela! is electroplated using the copper surface layer from which the specific carbon particles have been 
removed and the layer of specific carbon particles attached to the insulating material as the conducive layers (step (c)^ 

There are no specific limitations as to the method of electroplating. For example, the electroplating can be earned 
out at a normal temperature and at 1 .5 to 3 A/dm 2 for 60 to 90 minutes in a common electroplating bath. There are , also 
no specific limitations to the conductive metal used for the electroplating. Various metals, such as copper and nickel, 
are used, depending on the application. 

The process of the present invention can be applied to electroplating of various materials in wh,ch copper andjnsu- 
lating materials are present together, such as various printed wiring boards. Since the attachability us.ng the e ectro- 
2g method of the present invention is excellent, it can produce evenly attached and highly rehable elecUoplating on 
even the internal walls of through-holes, called viaholes, which are holes with a diameter of 0.1 to 0.5 mm. for which the 
electroplating has heretofore been difficult. ;„ tQroa i 

Typical steps adopted for applying electroplating using the process of the present mvention to through-hole internal 



EP0 759 482 A1 



walls of a printed-wiring board are now illustrated taking the case where electroplating is performed on through-hole 
internal walls of a substrate with copper foil laminated over both sides thereof (a glass-based epoxy resin copper lami- 
nated board). 

5 (1 ) Washing of substrate surface 

This is a treatment to clean the through-hole inner walls, and comprises washing the board with a weakly alkaline 
solution of about pH 9-12 containing an anionic surfactant such as a phosphoric acid ester at 35-65°C for about 20 to 
60 seconds, and rinsing with water. 

w 

(2) Conditioning treatment 

This is a treatment to accelerate attachment of the specific carbon particles to the cleaned surfaces of through-hole 
inner walls, and normally comprises treatment with a weakly alkaline solution of about pH 9-12 containing a cationic 
75 surfactant of a polyamine-type, polyamide-type, or the like at 20-60°C for about 20 to 60 seconds, and rinsing with 
water. 



20 



(3) Application of the specific carbon particles 

The board is dipped into the aqueous dispersion containing the specific carbon particles, normally, at 20-60°C for 
about 30 to 90 seconds, to cause the specific carbon particles to be attached to the surfaces of the sii>strate. 

(4) Acid treatment 

25 The board is dipped into a strongly acidic aqueous solution at 20-60*0 for about 30 to 100 seconds, washed with 
water, and dried. This treatment causes the specific carbon particles which are attached to the substrate surface to 
coagulate and reduces the electric resistance, thereby increasing attachabiiity of the electroplating metal. 



30 
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(5) Microetching 

The board is dipped into the microetching agent solution at 10 to 30°C for about 5 to 30 seconds to provide etching 
to a depth of 1 .0 urn or less, washed with water, and dried. Washing is carried out first by spraying water, then by wash- 
ing using a small pore washing machine suitable for washing small pores disclosed in Japanese Utility Model Applica- 
tion Laid-Open No. 26879/1989. 



(6) Electroplating 

Electroplating can be carried out under conditions of normal temperature and at 1 .5 to 3 A/dm 2 for 60 to 90 minutes 
in a common electroplating bath. 
40 It is possible to combine said step (1) for washing the substrate surface and step (2) for the conditioning treatment. 
In this instance, the board may be treated with a weakly alkaline solution of about pH 9-12 containing a cationic sur- 
factant such as polyamine-type and polyamide-type and a solvent such as ethanolamine at 20 to 60°C for about 20 to 
60 seconds, and rinsed with water 

Next, the electroplating process wherein a conductive layer is formed using a palladium compound on the surface 
45 of the insulating material is illustrated. . 

This electroplating process is a process known as the palladium direct plating method in the technical field ot 
printed wiring boards. The process of the present invention is characterized by using the above-described microetching 
agent in the microetching step for removing the palladium layer on the copper surface. Accordingly, the same procedure 
as in the conventional palladium direct plating method is applied up to the point where the palladium compound is 
so attached The same palladium compounds as used in the conventional palladium direct plating method, such as a col- 
loid containing palladium chloride and tin chloride, a colloid containing palladium sulfate, a colloid containing palladium 
chloride and polyvinyl pyrrolidone, and various types of palladium complexes, can be used. 

Then the palladium compound is removed using the above-mentioned microetching agent. The etching thickness 
is the same as in the case of the specific carbon particles, i.e. preferably 1 .0 urn or less, and more preferably 0.7 or 
less, and particularly preferably 0.5 or less. A dipping method, a jet method, and a spray method are given as the 
treating method using the microetching agent, with the jet method being preferred. 

The electroplating is carried out after removal of the palladium compound according to the conventional method. 
This electroplating process using the palladium compound is suitably applied to electroplating the inner walls of 
through-holes of printed wiring boards. The same method for electroplating as in the previously described process 
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using the specific carton particles can be applied except for using the palladium compound instead of the specific car- 
bon particles. 

Other features of the invention will become apparent in the course of the following description of the exemplary 
embodiments which are given for illustration of the invention and are not intended to be limiting thereof. In the examples 
below, "% by weight" is simply referred to as "%". 

EXAMPLES 

Example 1 

A substrate (1 0 cm x 25 cm x 1 .6 mm) consisting of five insulating layers of a glass fiber base material impregnated 
with epoxy resin and six copper foils with a thickness of 35 pm, alternately laminated with copper foils on both external 
sides which is provided with about 960 through-holes with a diameter of 0.3 to 0.8 mm, was processed as follows. 

The substrate was dipped into a solution consisting of 0.5% of a cationic surfactant, 1 .0% of amine, and the balance 
water (a cleaner conditioner) at 45°C for 40 seconds, followed by washing with water (washing and conditioning). The 
substrate was then dipped into a graphite dispersion consisting of 4.0% of graphite particles having an average particle 
diameter of 0.4 Mm. 0.5% of carboxymethyl cellulose, 0.5% of sodium silicate. 1 .0 % of an anionic surfactant, and the 
balance water adjusted to pH 1 0 with ammonia, at 25°C for 60 seconds. The substrate was then dipped in an aqueous 
solution containing 10% of a sulfuric acid (62.5% sulfuric acid) solution and the balance water with a pH of 0.2 at 20"C 
for 30 seconds, followed by washing (acid treatment). Next, the substrate was dipped into a microetching agent solution 
with the composition shown in Table 1 at 25°C for 15 seconds, and washed with spray water, then by a small pore wash- 
ing machine, and dried (microetching). Copper was etched to a depth of 0.2 um by this microetching treatment 

Next, the substrate was electroplated at a current density of 2 A/dm 2 for 90 minutes at 25 B C using a conventional 
copper plating bath. 

The presence or absence of voids in the resulting electroplated substrate was determined by a backlight test and 
observation of the the cross-section. The results are shown in Table 1 . In addition, the joining conditions of the substrate 
and the plated film were examined after heat shock by a solder shock test according JIS CS012 (oil was replaced by 
solder at 260-265 ,, C and the test was carried out at 1 0 cycles) . The results are shown in Table 1 . 

30 Example 2-5 

The substrates were treated and evaluated in the same manner as in Example 1 except that the microetching 
agents shown in Table 1 were used. The results are shown in Table 1 . 

35 Example 6 

The substrates were treated and evaluated in the same manner as in Example 1 , except that a carbon Wack dis- 
persion consisting of 3% of carbon Wack particles having an average particle diameter of 0.1 um, 1% of a cationic sur- 
factant, and the balance water, and adjusted to pH 10 with potassium hydroxide, was used, instead of the graphite 
40 dispersion. The results are shown in Table 1 . 

Comparative Example 1 

The substrates were treated and evaluated in the same manner as in Example 1 except that the microetching agent 
45 solution shown in Table 1 was used. The results are shown in Table 1 . In this Comparative Example, the solder shock 
was omitted, because there were voids in the electroplated film. 



25 



50 



55 



EP 0 759 482 A1 



TABLE 1 





Composition of microetching agerrt(%) 


Voids 


Joining conditions 




Sulfuric acid 


25 


N<3ne 


Good 




Hydrogen peroxide 


20 








N-(p-aminoethyl)propanolamine 


i 

i 








Ethylenediaminetetra(methylenephos- 


1 








phonic acid) 










Ion exchanged water 


Dalanra 






example c 


Sulfuric acid 




None 


Good 




Hydrogen peroxide 


ao 








Tri-isopropanolamine 


1 








Ethylenediamine-N-N , -di(methylenephos- 


10 








phonic acid) 










Ion exchanged water 


Balance 






Example 3 


Sulfuric acid 


c 


None 


Good 




Hydrogen peroxide 


o 
O 








Cyclohexytamine 


0.1 








Cyclohexane- 1 t 2-diaminetetra(methyl- 


0.05 








enephosphonic acid) 










Ion exchanged water 


Balance 






Example 4 


Sulfuric acid 


OU 


None 


Good 




Hydrogen peroxide 


in 
10 








Tetra(2-hydroxypropyl)-ethylenediamine 


7 








Ethytenediamine-N-N'-diacetic acid-N, N'- 


5 








HifmathvipnAnhosDhonic acid) 










Ion exchanged water 


Balance 






Example 5 


Sulfuric arid 

QUIIUI Iw OvIU 


10 


None 


Good 




Wvrirrvipn nfiroxide 
nyuiuycii (jciwaivjw 


30 








H yd roxy etny to lami nopropan e 


1 








Nitrilotri(methylenephosphonic acid) ■ 5Na 


10 








Ion exchanged water 


Balance 






Example 6 


Sulfuric acid 


£w 


None 


Good 




Hydrogen peroxide 










N-(p-aminoethyl)propanolamine 


1.0 








Ethyl enediaminetetra(rriethylenephos- 


1.0 








phonic acid) 










Ion exchanged water 


Balance 






Comparative Example 1 


Sulfuric acid 


10 


Voids 






Hydrogen peroxide 


30 








Hydroxyethyldiaminopropane 


1.0 








Ion exchanged water 


Balance 
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Example 7-8 

The substrates were treated and evaluated in the same manner as in Example 1 except that the microetching agent 
solutions shown in Table 2 were used. The results are shown in Table 2. 



TABLE 2 



10 




Composition of microetching agent(%) 


Voids 


Joining conditions 




Example 7 


Sulfuric acid 
Hydrogen peroxide 


25 
20 


None 


Good 


15 




Aminotri(methylenephosphonic acid) 


1 








Ion exchanged water 


Balance 








Example 8 


Sulfuric acid 
Hydrogen peroxide 


20 
25 


None 


Good 


20 




Ethytenediaminetetra(methylenephosphonic acid) 
ion exchanged water 


1 

Balance 







25 



Example 9 

Electroplating was carried out according to the Krimson method of Shipley Co.. except that the microetching agent 
30 solution consisted of 20% of sulfuric acid, 25% of hydrogen peroxide. 1% of ethylenediamine tetra(methylenephos- 
phonic acid), and the balance water were used. Trie electroplating experiment was carried out as follows. 

The substrate used in Example 1 was dipped into a sensitizer at 45"C for five minutes and washed with water, then 
into a pre-activator at 25 0 C for two minutes, and further into an activator at 45'C for five minutes. After dipping into a 
converter at 25°C for four minutes, the substrate was washed with water and dipped into an enhancer at 25»C tor one 
35 minute, followed by washing with water. Next, the substrate was dipped into a stabilizer at 25»C for two minutes and 
washed with water. 

Then after dipping into the above-mentioned microetching agent solution at 25°C for 15 seconds, the substrate 
was washed with spray water and by using a small pore washing machine, followed by drying. The copper was etched 
as deep as 0.2 nm by this microetching treatment 
40 The resulting substrate was electroplated in the same manner as in Example 1 and evaluated. No voids were found 
and the joining conditions of the substrate and the plated film was excellent. 

Based on the above results, the electroplating process of the present invention using a specific microetching agent 
was proven to provide electroplating which is highly reliable and without any voids and inner contaminants in the 

through-holes of the printed wiring boards. 

45 The process of the present invention can ensure highly reliable electroplating of materials containing copper and 
an insulating material exposed on the surface, and is particularly applicable to electroplating multi-layer pr.nted-w.nng 

boards having small pores. . k. 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced otn- 
50 erwise than as specifically described herein. 



55 



Claims 

1 . A process for electroplating a surface comprising copper or a copper alloy and an insulating material, comprising: 

(a) applying an aqueous dispersion containing graphite particles with an average particle diameter of 2 M m or 
less or carbon black particles with an average particle diameter of 1 »m or less, or both to said surface to be 
electroplated, thereby causing said graphite or carbon black particles to become attached to said surface, 

(b) removing said graphite or carbon black particles from the copper or copper alloy by etching a layer of cop- 
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per or copper alloy using a microetching agent which is an aqueous solution comprising 5 to 60 wt% of sulfuric 
acid. 3 to 35 wt% of hydrogen peroxide, and 0.01 to 10 wt% of a phosphonic group-containing amine or a salt 
thereof, and 

(c) electroplating using a layer consisting of the copper or copper alloy with said graphite or carbon black par- 
5 tides having been removed and the remaining graphite or carbon black as a conductive layer. 

2. The process according to claim 1 . wherein said aqueous solution of the microetching agent further comprises 0.1 
to 10 wt% of an amine other than the phosphonic group-containing amine. 

w 3. A process for electroplating a surface comprising copper or a copper alloy and an insulating material, comprising: 

(a) applying an aqueous solution or an aqueous dispersion containing a palladium compound to cause the pal- 
ladium compound to be attached to said surface, 

(b) removing the palladium compound from the copper or copper alloy by etching a layer of the copper or cop- 
, 5 per alloy using a microetching agent which is an aqueous solution comprising 5 to 60 wt% of sulfuric aod. 3 to 

35 wt% of hydrogen peroxide, and 0.01 to 10 wt% of a phosphonic group-containing amine or a salt thereof, 

^electroplating using a layer consisting of the copper or copper alloy with the said palladium compound hav- 
ing been removed and the remaining palladium compound as a conductive layer. 

20 4. The process according to claim 3. wherein said aqueous solution of the microetching agent further comprises 0.1 
to 10 wt% of an amine other than the phosphonic group-containing amine. 

5. The process according to claim 1 or claim 3, wherein etching is carried out to a depth of 1 .0 jim or less. 

25 6. The process according to claim 1 or claim 3. wherein the object having the surfece comprising copper or a copper 
alloy and an insulating material is a through-hole in a printed-wiring board. 
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